Vieillissement des systèmes vitreux et rapport fluctuation-dissipation by Bellon, Ludovic
Vieillissement des syste`mes vitreux et rapport
fluctuation-dissipation
Ludovic Bellon
To cite this version:
Ludovic Bellon. Vieillissement des syste`mes vitreux et rapport fluctuation-dissipation. Analyse
de donne´es, Statistiques et Probabilite´s [physics.data-an]. Ecole normale supe´rieure de lyon -
ENS LYON, 2001. Franc¸ais. <tel-00003649>
HAL Id: tel-00003649
https://tel.archives-ouvertes.fr/tel-00003649
Submitted on 27 Oct 2003
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de























































































































































































































































































































































































¸  ¸¼Ã ¹

Á|¾ﬁﬀ¼»Ä¸ºÃ




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I K L N P R
Tg1Tg2 Tf
¿[\MÀ_dÇãoÁTS¹ÌdÚÐ¨ÌAÎ	ÄZÇ5Ú Ç5×[ÄWÔ*U.Ñ[Ù5ÚHÏiÄÉÓÒxÅ@ÇÆ ÅWVaÌdËÅtÚÛÇÔ Ð¨ÙU0É%XqÒxÅ@Ç!ÆYÅt× ÚHÏiÄZÙÎ0É ÏÅ


































































































































































































































































































































































































































































































































































































































































































































































































































































































































¿[\MÀdÇLFïÁJÏ*Ð3ÔDÏ	ÍÇUÆY Ù5×bÇÎDÍ)ÉÓÇfÆYÅa× ÔhÐ3Ô5ÄkÑ5Ú ÇWVdÉÊÄÎÇ<ÅAØÇ~r`gmsnsﬀgqŁd/g~^6s%l?`s;l%xdg













































































































































	³ C(k, τ) ³&ﬂÝ&!*<%&ﬃ	<






.~ç&d$!# A%&ﬃ e!#ﬃ	'# A G&$lCe$&ﬃ 
!#dﬂA  ﬂ.A!*e



































∂2τC(τ) + γ∂τC(τ) + Ω2C(τ) =
∫ τ
0

















































































































































































































































































































































































































































































































































COO(t, tw) =<O(t)O(tw)> ÉdÇEC
ª"































































































































































































































































































































































































































































































































t, tw → +∞ ﬃB	.l t/tw ∼ O(1) s
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tw → +∞  v%gÁ^kn-l?og α b/l?`y~^j~*Ús
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<(ρ(x, t)− <ρ>)2>=<δρ2(x, t)> ³_ª" ρ .A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+ 2/4e = 230pF
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= 10cm i e = 0, 3mm
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(Tstop, f, t) = ε
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Tg = 389K ²Vs
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SvZ(t, f) = 4kBTeff(t, f)Re (Z(t, f))
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ωt ∼ 1 « 2¬¥[¡^÷´¬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þVøª¥C¥F÷ limf→0 Teff(t, f) =
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ëü ýFýèëﬀæäõﬀí þæVíWüæVê'è ÷Wßìê'&&êVý!üæVê'è ÷

























































































































































































































ðÔ`Ó8ÔoÓ »ß?åÚ ê à
Øà
ìá?Ú2Ü á?ÚèÝÞÚ2Ü ìê&Ú







































































































< |v˜i|4 >= 3 < |v˜i|2 >2 ³R¥F÷K¢V/¡V¤V¥ < S2v,i >= 3S2v
ú;2 !÷º¥[¡
øS¥#¦°/øY÷d2¡^÷¢0&¡VC¬ßﬀ0&÷ !/¡É,úPö
















































































































































































































/¡¹¨K/¡^÷øª¥©¥#¡¹¥ﬀw°¥#÷  2¤[ !¬¥#¨©¥#¡÷Ò¦02øY÷ ø¼¢V¥Kr¢Vßﬀ0¡, !÷ !/¡ ßÀúŁÉ,ú½ûS«,¥q¬¥·÷2} ¢V¥KþVøSV a÷
SV a÷C¬*¬/ 
















































































































tmoy = 2000s íØ±
À «Ý¢¹È·pÜ!âN¹È·wë>Û(ë6¹«ÞÛßØ«Âqï®Ä«ÞÝà¹E¹oëØ¹[âå¶w«Ü«Û¹êàë>Ü9´-âN¹È·]6¦¶w«ŁâXð>«àê
TZ = 293K (1± p) Â@R@R@bÄ#E)ëÁ p «ÞÝ¢¹¸¶qâ´á¬ä4êÞ·éÝª·wëPÛ:ê¥âå¶wê>ß¶wä4«Kâð>«àêK¶5À äàñßXâ¹w·wëPÛ oØí ¸ oØí
ÐqvÐ  Ł<}  ò<}®<:< y|O#¼}#IŁF¸ 8F   
Ø
¥#÷S÷S¥¦02øY÷ ¥C¢Vß[¤#øS a÷±¬A¨©¥#SVøª¥¢V<þVøS, !÷´÷V¥[øª¨© V¥Á¢V8²/.0.ﬁ¸ú0öB/V±¦Vøªß[S¥#¡^÷/¡V±÷S/,÷
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[þù ú ü ý þ ß       









  ß  þ 













 ß    ﬀ þ  
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¥#÷S÷S¥|¥¦Vøª¥[Sª /¡l¢V¥Ã¬AË×;,²¢V¥Ã¬A ÷S¥[¡Vª /¡(¢,¥ S/øY÷ !¥ ¥[Y÷z÷ø[zª ¨K ¬A& øS¥
Ò ¬ßﬀ0&÷ !/¡J2,ú
ð






































































































































































































































































































































































































































































































































































ó γ ∼ 4
ó ∆f 6 1Hz
¢



































































































































































Teff = Tg ³
ê4«Þ¶p¶w«Eèß1ýâß¹















































































































































































































































































































































































































































































































































































































































































































































Tstop = 364K í±
% âåÜµ´¶p·_¹bßè«
è«	¶&% ·éÛêà«Þáà¹È·[¹bßØè«=«ÞÝà¹Bè«	¶&% ëPá¥èá¬«=è« ±10% ´®ëØßáHßÛ«	¶2âåávî«PßåáÅÝ_´®«àê>¹Èáâå¶w« ∆f = 1Hz í ¯¼ßØê>ßÛ«
ðP·­ëP¶2âN¹È·wë>Û(èß:ÙþáßÛ«¯´®«Pß¹;>¹Èá¥«KÜ1·éÝ¥««ÞÛäPð>·­è«ÞÛê4«Ýàßáêà«>¹b¹o«KÜ.«ÞÝ¢ßåá¬«
í







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	ﬀ?A7AﬀﬂﬁﬃC4! BDﬁ" ;?ﬁ$#%6&ﬀ#êéé'#A,?ﬁ$#%6(&ﬀ )+*,* ç!












































ÖNÚÛÑÐÖUÓÊÜAÕNÜÝ ÜÞÊ×EßyÕNÖUÓàâáã×EÝ ä å$áÐæ çè×ÖNÖN×












































































































































































































































































































































































ç.ó 3#on#454!#êé,é8np+n76"ﬁ(&ﬀné¼é98]é?ﬁ;:p+né=<ﬀ#qﬁ""n ;>rnsﬁ@?BA7At.ﬁ(ﬃC4. BDﬁ" ;?ﬁ"#%B6;E&t#êé,é8#A,?ﬁ"#%B6
ô±õ.ö ÷yøù~úûdüﬂýþ ßNù \ùNø Vøëýü.úû þý ù +úù +üý	
<ÑP
WP






























































































































































































−  −  −  −  −  −  −  
−  −  −  −  −










 −  −  −  −  −  − 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































uBv )+LBw"#yxsﬁ@xz{x%|!n}ﬁ""#~t »nz&C  >ﬀn""n}$>|F|! &>|B|ŁC>wB»#qﬁ"n ½






































¦Ä²§À«­©H"ﬃﬂ{$ µ ©Z°*& §































































































































































































































































































































































































































































































































































































































































































































































































































































Ci ∼ 100−150µF ³ ²°¥s«fª+ºw¯t©+°²¸¤Ê²«¨§©§
´r²½$§À¦Ä²§































































































































































































































































































































































































































ρv(f →∞) = 13.73 Ω.m ´











































































Zp/Zv = 15mm/20mm = 0.75
Â





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































uBv )1pL)rtp"#yxsﬁ@x5l{x%|!n}ﬁqp"#~t »n3l&C  >ﬀntpqp"n}$>|F|! &>|B|ŁCsrB»#qﬁ"n ½ 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































"½h%$·©¨Z¥s¦ò¥)hﬀ¨§©¦u¨\¯L¦¶© ²w¯½"´d©:¦u¨b²w¨§È¥¦r½w¬!¥s´±¬s¨«f§Èºw¯t© µ ©l°²ñ«ﬂ¬ªf§
ª¨²¦¶¹!©·¬:°È©!¹s¨«f§Èºw¯t©Â










































" ¤²«¨§©D«­¬!©°À°© −− ©¨Ê§
´r²½$§À¦Ä²§
«ﬂ©






















































































































































































ªZYn` ¥¦X´d©:ª!¯L«ﬂ©®²°b¨?©«f¦Ä²w¨§¿s©:´d©:¦u¨¼Á °'& ²§ µ © µ & ¯L¦²¦Ä²°\[wªﬂ©¯« µ ©Nª¤¸©!¹s¨«­©®°³²E¿ﬂ²°©s¯L« µ ©





µ ¯h«¯ﬃ_b¨¨d¶©«f´`_ºw¯t© µ ©
Z
"_bau¨?©:«'«¯%ced?©¯«gft¯w¿©:«hd $sÂﬀNV©V«:²hc)cif«hd µ ©D¹!©:ª µ ©¯%/ºw¯"²ﬀaLdj_ﬁdR¬:ªLc©«f´d©Vd




















































































































































































































































































































































































































































































































































uBv)þ pá)rtpqÚyxÝ@x5l{x%|ŁÛ}3ÝqpqÚ~sà7Û3l_ÞC¬à>)ÛtpqpqÛ}á>|F|ŁáÞ>|B|ŁCsr5áB7ÚßÝqÛ ½ 






































































































































































































































































b = 0.5± 0.1 ´

























































































































































































































































































































































































































































































































































t = 0.3 h
t = 1.5 h
t = 2.5 h
t = 5 h
t = 10 h


















































t = 0.3 h
t = 1.5 h
t = 2.5 h
t = 5 h
t = 10 h






































































































































































































































































































































































































uBv)þ pá)rtpqÚyxÝ@x5l{x%|ŁÛ}3ÝqpqÚ~sà7Û3l_ÞC¬à>)ÛtpqpqÛ}á>|F|ŁáÞ>|B|ŁCsr5áB7ÚßÝqÛ ó 
































t = 0.3 h


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































E ∼ 1000kBT  y T = 300K    z  6 5 z 5 { y8 z y5 { ﬂb,5 6qz 5ﬂ5







































































































































































































































































































































































































































































































































































































































































































































































































fc ∼ 3mHz ´
Ø~ç k_ÚwÛtÚy||ŁÚmlnl.ÛtÜ1Û%qÝvÞ)Û5lolMÀlÝ@ÁtÜ1Û5l)ÚßÝqpqÛtà@Â>ÛÝ!psrtr3áspaÝvu|aà>}3Ýqà@¡ÝqÚmá>@ÃÞsÚmlnl.Úwr8¡ÝqÚmá>






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































E5 ﬁ Fv@Ã u a  oT¡y¢£5 ¤
kBT





















































































































































































































































































































































mx¨ = Fext + Fmate´riau






































































































































































































































































































































































TUWVYX>Z\[X>]^XT U V X Z [ X ] ^ X
_VY`bacUedfX>ghZihXkjlUWZYUWimU:n_ V ` a U d X g Z i X j U Z U i U n
jJoqphZDXk`brsdfoqtLghXj o p Z X ` r d o t g X
u`bacUWZYoqVYX>ghZu ` a U Z o V X g Z v
ghplXkVfw>rmUWZYUedfX>ghZ
v
g p X V w r U Z U d X g Z
TUWxyX'ihX
v
UWaqz>o dfXT U x X i X
v
U a z o d X

















` x r X { V U d X g Z i X  U p o { X d
E0z +E0ej(ϕ+ψ)y
TX>{LdYoqaqaqXkTT X { d o a a X T 
uZYoqVYxyX'ihX'*`baqacUWVYdY`b{u Z o V x X i X  ` a a U V d ` {
uPs`Wdf`Lihoq`LihX>Vu  ` d ` i o ` i X V
E′0(1 + e







íÇæyë5é/êRâ=ÞLã5âÜ ÛAá3ágêWì êhÞLâ hæsâwÝyàFÚÁÛ²éJêXâuåÝ¾ÞLÝÁåSÝXì/âÜ/âKágÚFÛAÞ/Û Ú²ÛÇçhèîâ=åSâ=ÞÚ/àlÝèÇçæ3ÛCásëuáê:Û ïyçhÞÚ
x+y
ð

















ãÝÞï¾â=æ$xâ=ÞÚ âOÙ ±wé/êhÛàlâ=æ3åSâÚvì/â_ímÝXãyçhèAÛCásâ=æoè²âKáôí²çhÛCásãâsçJêßágê:æwè²â=ádåYÛAæyÝÛAæ3ásÜ âÚôê:ÞâkìRÛ ï¾â=æLJâ=ÞÚ â
Ù ²EéJê:Ûzç-æ=çhÞLìÛ ÚBè²â=áôçhÞ/ÞLâsçJêß[ì/âkìRÛYLæKçRãÚ²Û²ÝÞ ì/â_í²ç
³ÝÞ´£SÝJÚ âKÞ/ÛCæOê:ÞLâ_ÛAÞÚ â=ÞJá3Û Úë|èmê:åYÛAÞLâêháyâ
ê:Þ/ÛAímÝæ3åSâoágêhædècçZáê:æ3í²çãâ_ì/â=á7àLÝRÚ ÝXìRÛ²ÝXì/â=áð9Ù0 çïyçhÞÚ çxâuàLæ3ÛCÞã=ÛÊàçhèaì/â_ãâ¾Ú3ÚâôåSëÚ:LÝxìJâ|â=ágÚBá=ç
í²çhÛbè²âdáyâKÞ/á3ÛWhÛCèAÛ Ú ëôçJêß©hægê:ÛmÚÁá_â3ßHÚ âKæ3ÞLâKáµ¬èîâ=á+í²çhÛCásãâsçJêß^ì/â|åSâ=áê:æyâôÞLâ|ásÝÞÚ7ásë à çhæsë=ápéJêXâ|ágê:æ





































































































































































































































































































I+ = I0(1 + cos(ϕ+ ψ))































































































































































































































































































































































































































































































































































































































































































































































ß ò ü ò ÷ ö û ü
ôó
ü2öúß
÷bôPûö ô ó ü ö ú ß ÷ ô  û ö
Ä7ÅÇÆvÈ"xU4bË«Ł
ØlÒsÔ:ÓjÍhÓ-ÎJÏÑÐJÒ3Ó-Ô>bÍ:Ó-Ô:ØlÒh Ô:Ö
U1âÚ?Ú âàLÝXÚÝæ=ç5à/Û²âzì êdåSÝÞÚ çJâBâ?ß-àlë=æ?ÛCåSâ=ÞÚ çè



































δL ∼ 10−13m/√Hz ð! 7ïâãwèÇç`èÇçhåSâwì/â|ãsçhè²ãKÛ ÚâôâÚvê:Þásâê:èåEÛCæsÝÛCæ"²ã5ÝXê:æ/â|ìêµ çxê/Ú Üﬁ#$Ü/èÇç
ìRÛf ë=æsâ=ÞLã5âvì/âuãLLâKåYÛAÞYÝyàlÚ²Û²éJêXâuâKágÚxß â"îì/âBè ÝæsìRæyâ7ìê
mm
ð-ÙFâ·ægê:ÛmÚTì/âBímÝ¾ÞLìZâ=Þ/æsâhÛAágÚ²æyëuâKágÚ
ì/ÝÞLãoçJÚ3Ú²æ3ÛbxêXëuçJêOhæê:Û ÚFì/âlà çáyâwì êpèÇçáyâ=æðﬁ%vÞÝhásâ=ægï¾â`ê:ÞLâ+ì/ësæ=çRìXçJÚÁÛîÝÞìJâBàlâ=æ3ímÝ¾æ3å¸çhÞLãâKá
























































































































































































































































































































































































































































































































































































NPORQTS'OUQN O Q S O Q
VXWDY





















â=ágÚlímÝ¾ÞLãÚ²Û²ÝÞüì/âdèl çhÞè²âuímÝæ3åSë|â=ÞÚÁæsâdè²â1àHæ?ÛCá?åâ|â¾Úlè çß â|ÝyàlÚÁÛîéJêXâðﬂb_%uÞæyâàzÝ¾ægÚ â
δL(θ)
Ü


















































































































































































































































































































































































































































































































































































































































































Sθ = Sθ m
jGn
+ Sθ








































































































































































































































































































































































































































































1 − ½ 1 2
z ﬂ





















































































































































































































v = vD + δv
8g]-2;









































Γext ∝ δv »SxUfõ½
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Sξ1 = Sξ2 = Sξ
#Rø
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σS1∗2 = (< |S1∗2,i|2 > −|S1∗2|2 >)1/2
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